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NACA RM No. L7J15

RESEARCH MEMORANDUM

SUPERSONIC-TUNNEL TESTS OF TWO SUFERSONIC
ATRPIANE MODEL CONFIGURATIONS

By Macon C. Ellis, Jr., Lowell E. Hasel,
and Carl E. Grigsby

SUMMARY

Supersonic=tunnel tests of two models of simllar supersonic alrplane
configurations were made at Msch numbers of 1,55, 1,90, and 2.32 to
determine velues of the drag, 11ft, pitching moment, yawing moment, and
slde force. The two models had bodies, wings, and horizontal tails of
similar geometry, the horizontal 1ifting surfaces having taper ratilos
of 2, aspect ratios of about k, and leading-edge sweepback angles of
gbout 43°, The principal difference between the models was the vertical
wing locatlon relatlve to the body axis and horlzontel tail — one model
had a hlgh wing end one model hed s low wing. The test results indicated
no dlfference in the 1ift charecteristics of the -two models and small
differences in the drag cheracterlstics. The most significent results
shown by the tests were the verletion with Mach number of the differences
betwsen pltching-moment values for the two mocdels, Indliceting the proba-~
bility of differences in the rates of change of downwash angle with angle
of attack for the two horizontal-=tall locetlons relative to the wing.

INTRODUCTION

The Ilncreased attention to supsrsonic slrcraft and mlsslle design
over the pest few years has greetly accelerated the need for basic super—
sonlc serodynamic information. Theoretical work has increasingly provided
methods for celculating the basic asrodynamic characteristics of components
such as bodies and a varlety of wing plan forms; however, very little
experimental data 1s avalleble to check the theory or to predict the
effect on 1lifting surfaces of & disturbed stream such as that produced
by a supersonic alrplane fuselage or by another lifting surface. Theo—
retlcal methods at present appear very awkward for calculeting the charac—
teristics of complete supersonic airplane conflguraetions; thus, tests are,
at the present tlme, the only adequate means for studying such ceses. _
Because of the genersl Interest in the Informetion it might provigde,
tests of two supersonic airplane model configurations were made in the

Lengley 9-inch supersonic twmnel.
ORI
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The conflgurations tested do not represent designs approximating
optimums from present—day considerations, since their basic lines were
conceived in the early part of 1946, The models represent two versions
of a supersonic research alrplane which wss Intended to be carried to

high altitude by a "mother" ship, released, and accelerated to supersonic

speeds by rocket motors of moderate duration. The two models had similer
bodies and 43° sweptback wings end tall surfaces, the wings having sharp—
edged clrcular-erc sections, The primary difference in the two models
was the vertlcal location of the wing — one model had the wing located

in & high position on the body, whereas the other model had the wing
loceted 1n a low position on the body. Tests of both models at Mech
numbers of 1.55, 1.90, end 2.32 were made to determine the values of
1ift, dreg, pitching moment, yawing moment, and side force through angles
of pitch and yaw., The tests were restricted to falrly low angle renges
around zero lift because of load limitations on the force-~measuring
equipment., Date from these tests ere presented herein,

SYMBOLS
M Mach number
o stream density
q dynamic pressure (%-pVQ)
b maximum wing span )
c moment reference chord (See teble I.)
R Reynolds number referred to ¢

S wing ares (See table I,)

Cy, 1ift coefficient (Lift/qS)

Cp drag coefficient (Drag/qS)

' le pltching-moment coefficient (Pitching moment/gSc)

Cn yesring-moment coefficient (Yawing moment/qSh)

Cy' slde~force coefficient (referredlto wind axis) (Side force/qS)
o ' engle of attack

v angle of yew
SSONRLLIL L bl »
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APPARATUS AND TEST METHODS

Wind Tunnel and Model Support

The Langley 9—inch supersonic tunnel in whlch the present tests were
made is a closed-return type which makes possible control of the himidity
and pressure of the enclosed alr, Durling the present tests, the guantity
of water vepor present In the tumnel alr was kept to values sufficiently
low so thet the effects of condensation in the supersonic nozzle were
negligible. Changes in test Mach number were provided by interchangesble
nozzle blocks forming test sections approximately 9 inches square. For
qualitative, visual—flow observations, a schlleren optical system is
provided. Eleven fine-mesh turbulence—dsmping screens are provided in
the settling chamber shead of the nozzles.

The models were mounted from the rear on sting supports which
connected to the sceles through the sting windshield with smell clearance
as shown in figure 1. The scales measure three components in a horizontal
plane only; thus, for yaw results, the models were rotated 90°, For yaw
results at different pitch angles, interchangesble bent sections of sting
ag8 shown in figure 1 were inserted Just aft the rear of the model. For
Integrating the pressure forces acting on the sting, fixed orifices in
the sting were provided upstream and downstream of the windshield "slot."
Owing to the fact that the sting between the windshield slot and the reer
of the model included a removable section, the extent of the fixed
orifices upstream was limited to a2 station aft the removable section
rear Joint.

Desgcription of Models

Dimensions of the supersonic airplane models tested are shown in
figures 2 and 3, Because of the difficulty of acocurately measuring the
models, dimensions are shown to only #0.01 inch. Actually, the model
componsnts were constructed to much smaller tolerances, Considersble
care was teken to make all surfeces smooth and free from scratches and
to meke the leadling and trailing edges of the wings as sharp as possible,
Model 2 shown in figure 3 1s the later version and 1t 1s seen that the
main differences from model 1 are the lower wing location on the fuselage
and the larger vertlcal tail., These changes were indicated by directional
stabillity results from low-speed wind-tunnel model tests. Another differ—
ence between the models that should be noted is the longer tail erm for
model 2, Photographs of the two models shown in figure L4 are included
to show the filleting and falring details between the model components.
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Tegt Msthods

The dilemeter of the stlng support for both models is the same as
that of the rocket-dlscharge station at the rear of the fuselage., This
scheme obviously suggeste itself since the sting can be assumed to
occupy the seme volume as the initial pert of the rocket—Jet exhausting
at stream pressure. Furthermore, 1f there are no interacting effects
between the flow over the sting and the flow over the rear pert of the
body, the drag of ths model can be measured and clearly separated from
any thrust consideretions. The significant departures from these
assumptlions for the test setup are, first, that the actual rocket--Jet
would probably be dlscharging et pressures gbove or below stream
pressure most of the time and affecting the flow over the rear of the
body, and, second, that the effects felt forward through subsonic por—
tions of the Jet and stream mixing reglon on the flow over the resr
part of the body will be different from the effects felt forward through
the sting boundary layer. Because of the foregolng considerations, it
was felt at the start that the best approach to the assumed simulated
conditions was to maintain the boundary layer over the sting as thin
as possible In order to minimize the effects of dlsturbances in the
reglon of the windshleld slot on the flow over the rear part of the
body. Consequently, the pressure in the sting—shleld-aend-balance—enclosing
box was kept as low as possible so that a suction into the box always
existed at the windshleld slot. Efforts to obtaln consistent data,
especlially moment data, with this setup proved futile until pressure—
distribution messurements around the sting revealed significant pressure
forces on the sting in the region of the slot, It thus became necessary
to Install sufficlent orifices on the sting to lntegrate the pressure
digtribution around and along the sting and obtain these tare forces.
The orifices extended along the sting only a sufficient distance to
measure the forces in the region of the slot (ebout two sting diameters
inside the windshield and one sting diesmeter outside). These orifices
and connecting tubing were so arranged that force and pressure messure—
ments could be made simultaneously. Thils arrengement wes indicated after
it was found that a set of pressure measuremernts could not be repeeated
in check tests owing to the fact thet smsll, uncontrollsble, and different
ecnentricitles of the sting in the windshleld altered the distribution
of pressures sround the spindle. It thus became necessary to integrate
the pressure forces on the sting for each test point at each angle of
attack of a model.

The forwerd extent of the fixed orifices was limited by the threaded
Joint in the sting., As was mentloned previously, a bent section of sting
was Inserted between this Joint and the rear of the model to provide yaw
angles when the models were pltched and pitch angles when the models were
yawed. Because of forces acting on the bent sting section, pressure
measurements for some of the tests were mede on the bent section by means
of orifices which had connectirg tubes leading out of the sting into the

GRIREMENE AL
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alr stream in such a manner that it was unlikely that the connecting tubes
would Influence the pressure reading. Since the connecting tubes were

ahead of the slot, they did influence the flow in the region of the slot;
thus the assumption had to be mede that the pressures forwerd on the sting
were not influenced by the different flow conditions in the region of the
slot, Measurement of the pressure forces on the forward part of the

sting was found to yleld significant corrections only for the yawing—
moment measwrementis., In general, all of the sting pressure—force correc—
tions had only small effect on the 1ift and side force. The significant
effect of the sting pressure—force corrections on the moment is due

mainly to the relatively large distance of the small forces from the moment—
reference point in the region of the airplane center of gravity. All of

the data in the present report have been corrected for only the pressure
forces in the reglon of the slot; discussion of the effects of the pressure—
force corrections for the remasinder of the sting are included in the
discussion of yawing-moment results. It should be mentioned that in all

of the data the incrementel angles of attack dus to loed deflectlons of

the sting have been included.

TEST RESULTS
Precision of Data
The total forces on the models =snd support system were measured by

means of self-balancling beam scales, the accuracy and rellability of
which were very good for measuring the steady forces on the models in

the tests, The maximum probable uncertainty of the coefficients due
to scale errors is listed In the following table:
" 1 1
Coefficient 2.33 -90 23

CY' +0,0002 £0,0002 £0.0002

Gy, .0002 .0002 .0002

Cp .0002 .0002 .0002

Cp .0013 .0013 .0011

Cn .000k . 0004 .0003
Observation of the data will show that these errors are insignificant.
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The total wmcertainties of the coefficlents involving corrections
dus to the sting pressure forces in the 1ift directlon (all but CD) are

not known due to the prohibitively tedlous process of maeking sufficient
pressure measurements for precise evaluation. The precision of the
draeg measurements wes better than that of 1ift and moment reasurements
because the sting side forces had no effect on the drag ¢ at zero angle
of attack and little effect at the small angles for the tests. The
effects of viscous drag forces due to the flow over the sting in the
reglon of the slot were found from auxiliary tests to be small, The
totel force indicated on the drag scele consisted of the drag of the
model plus a preassure force equel to the stingrendsbalancemenclosing—
box pressure minus stream pressure multiplied by the sting cross-—section
area. In the tests, this pressure force on the sting in the axial direc—
tion was from 2 to 5 percent of the total force and could be evalusted
within ebout £10 percent. For the typical value of Cp = 0.050, the

accumulated wncerteinty in the drag measurement is then esbout 1 percent.

Whereas the sbsolute angles of attack of the models relative to the
gstream direction are in doubt in some cases up to 10.3°, the angles of
* agttack relative to each other in a run are uncertaln only to a maximum
of #0,03°., The errors up to +0.3° arose from the method used to pitch
or yaw the model in a vertical plene while verying the angle of attack
in a horlzontal plamse.

The maximm varlistion of Mach mumiber and statlc pressure obtained
from stream surveys made in the model test reglion of each of the
three nozzles is shown in the following table: -

' Meximm veristion
Maverage Myariation of static pressure
(percent)
1.55 1.5k = 1,56 3.3
1.90 1.89 - 1.91 1.5
2.32 e 2.31 - 2,33 £1.5

The ﬁaximum error in the data due to these small varlations of Mach
number snd statlc pressure is not known; however, 1t is belleved that
other errors such as those already discussed are of greater signiflcance.

SLITAERNTTY
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Reynolds Numbers of Tests

The test va. s of Reynolds numiber referred to the same chord as
the moment values (approximately the mean wing chord) ere given in the
followlng table:

M R x 1070
1.55 0.1
1,90 .37
2.32 '31

Regults at M = 1,90

Results at M = 1,90 are presented first because the first tests
establishing procedures were mede at this Mach number and the bulk of
data is largest. The results showing the variation of C,, C;, and Cp

with angle of attack for models 1 end 2 at varlous yaw angles are given
in figures 5 and 6. A typlcel set of dete uncorrected for sting side
forces is shown in figure 5(a). The results showing the variation of Cp,
CY' » end Cp wilth angle of yaw for models 1 and 2 &t various pitch
angles are given in figures 7 and 8. Unless otherwise specified, the
results for model 2 are for the model with the ventral fin. Shown in
figure 9 are yaw results for model 2 with the ventrel fin.off.

The pltching moment and lift—curve slopes and sngles of zero 1lift
are collected from figures 5 and 6 and shown as a fiunction of yaw angle
for the two models in figure 10. It 1s seen that the tests show no
significant varietion with yaw angle. The scatter of zero-lift angles
is due to the method of varying the yaw angle. The tunnel angle-of-attack
changing mechanlism varies the model angle in only one plans. Angles from
this plane were obtained wlth removeble stling sections Inserted jJjust aft
the rear of the model, Although the angles of the sting sectlons were
preclse, the shlms necessary to establish the correct roll position of
the models introduced angle errors which shifted the model at the verious
yaw angles randomly away from the zero angle reference (stream direction).
The pitching—moment varlatlion with 1ift for model 1 shown in figure 11
supports this assertlon by showlng rendom scastter about a single line
for mogst of the test pointa. Similar results glven for model 2 in
figure 12 show even less scetter,

The lift—curve—slope values shown in figure 10 are seen to be the
same for both models. Reference to table I shows the totel horizontal
1ifting-surface area to be very close to the same for both models; thus
the 1ift 18 indicated to be unaffected by the differences in geomwiry
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dac
between the two models, The pitching-moment—curve slope Ef- results

show higher negative values for model 2. Comparison between the pltching—
moment values for the two models 1s complicated by the longer tail arm

end larger tell area for model 2 end the fact that the Incremental 1ifts
of the tails were not measured. Furthermore, the moment reference points
for the two models are not at the same point relsative to the approximstely
gimilar wing-plan geometries., In order to obtain moment-curve—slope
values for model 2 referenced to the same point relative to the wing

vertex es model 1 values, the model 2 values should be increased by 0.0012,

Incressing model 2 values thus, 1t is seen that model 2 has an average
value of moment-curve slope about 00,0037 greater then model 1, If 1t is
agsumed that the lift—curve slopes of the wing and tall are the same end
thet the center of 1lift of each component acte at its center of area, then
the moment—curve—slope increase indicated for model 2 with the longer tail

arm and larger tell aves is only about 0,000, If the wing lift is assumed

to act farther forward at the momsnt reference point, the moment-curve—
slope increase indicated for model 2 is still only about’ 0.001L3. The
large difference between these estimstes and the meesured pitching-moment
increase indicates the possibllity of differences in the rates of change
of downwash angle with angle of attack at the two vertlcal locatlons of
+he horizontal tell reletlive to the wing.

The yawing-moment end side—force curve slopes and angles of zero
gide force are collected from figures 7 end 8 and shown as a function
of angle of attack for the two models in figure 13. It is seen that the
tests show no significant veriation with engle of attack for the sma.'l.l
angles around zero 1ift, The larger scatter of the yawing—moment and.
side—force data as compered with the pitching-moment and 1ift d.ata is
mainly dve to the fact that the sting pressure—force corrsctions repre-
gsented a larger fraction of the measured quantitles, The data show
higher values of both yawing moment and side force as would be expected
for model 2 with the larger vertical taill and longer teil arm., It
appears that in all cases increasing the vertical-tall ares produces
increases in the yawing moment greater then the proportional area
increases, whereas the side—force increases are elther ebout equivalent
to or less than the proportional area lncresses. Discussion of the
relative increases of yawling moment and side force ls probably compli—
cated by the effect of the wing and tail on the flow over the rear of
the body, changes in which probably lead to gignificant changes in the
body moment and the moment due to sidewash at the tail. Scsetter of the
angles of zero slde force are due in part to the sngle errors intro—
duced. as previously mentioned by the bent sting sections. The angle
for zero sids force and yawing moment should of course be zero since
the model is symmetrical sbout the xz-plane, It 1s seen that In
figure 14 for model 1 +there are ‘systematic sets of points for the
verious pitch angles that would glve curves of the varilation of yawing
moment with side force whilch would not go through the origin. The
reason for this dlscrepancy 1s not fully understood; howevey the mean
curve for all the data does go through the origin, indicating the model
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to have a plans of symmetry. The results for model 2 given in figure 1L
show a mean curve that does not go through the origin, indicating model 2
to have no plane of symetry., Meassuremsnts of model 2 vertical-taill
angle setting Indicated theat it might be offset by as much as 1° from
the xz-planse,

The drag results shown in figure 15 indicate slightly lower drags
for model 2. Removing the ventral fin from model 2 is indicated to
decrease the drag by about 4 percent.

Results at M = 2.32

The results showing the varlation of Gy, Cp, and CD with angle

of attack for both models are given in figures 16 snd 17. The number
of yew angles at which tests were made was restricted because the

M = 1,90 results showed no significant effects. Yawing-moment and
glde—force results are given in figure 18 for only model 2 at one pitch

angle,

Results at M = 1,55

The results showing the varlation of Cy, Cp, and Cp with angle

of attack for models 1 and 2 asre glven in flgures 19 and 20. The repeat
runsg of figure 20 were made to check varlous schemes for integrating
the pressure forces forward on the sting wlth only a limited number of
pressure readings, Although the effects on the moment of approximetely
accounting for the pressures forces on the forward part of the sting
were small, thers remalns an unexplainable spread from the maximum
Indicated pitching-moment—curve—slope valus to the minimum indicated
valus of gbout 13 percent. Yaw results for models 1 and 2 sre shown in
Pigures 21 and 22,

Summary of Test Results

The pitching—moment and 1ift results are collected from the data
and shown in figure 23 as a functlon of Mach number. It 1s seen that the
lift—curve slopes are the sams for both models through the test Mach
number range. For comparlson with the 1ift results, the theoretical
values of lift—curve slope from the linearized theory are shown for the
two~dimenglonal or infinite aspect ratic case and for a wing with the
same plan form as the model wing., Comparison of the theoretical 1ift-
curve~slope valuwes with the test values based on the totel wing and
horizontal-tail area indicates a convergence of the lift—curve—slope
varistion with Mech number as the Mach number increases. This convergence

COMRERRNITAL,



10 COlEDENEIT, * NACA RM No, L7J15

trend between the theory and tests has slso been cobserved In other tests
of swept wings in this Mach mumber renge In the Langley 9-inch supersonic
tunnel.

The pitching-moment values shown in figure 23 show considerable
scatter at each Mach mmber, thus the curves of ch//dCL are shaded

between the limits of scatter for each model. Even though the reasons
for the scattered values are not completely understood, it seems reasonable
to asgert that the large differences In the character of the two shaded
curves are indicative of different trends for the two models, It was
gtated in the dilscuesion of the M = 1,90 results that the differences
in pitching-moment velues at M = 1,90 1indicated the possibility of
differences 1n the rates of change of dowmvash angle with eangle of
attack at the two vertical—tall locations relative to the wing. The
test results indicate Mach number, as well as tail location,to be an
important varlsble in longitudinal-stability consldsratlions. ZILack of
knowledge of the downwash dlstribution in the wing wake precludes any
detailed discussion of the differences in statlic longltudinal stebility
indicated by the tests,

The yawing-moment results shown in figure 24 indicate both models

to be decreasing their margin of static directional stability as the Mach
number incresses. Consldering the body and vertical tell only to be the
controlling elements, this trend might be expected, since the moment due
to the slde force of the vertical tail probably decreases wlth increasing
Mach mumber at a grester rate than the moment due to the body. For small
yaw angles, 1t was estimated that the astablllzing effect of the spanwilse
shift of the wing drag component is very smsll,

The drag results shown in figures 24 and 25 show the drag of model 1
to be highest throughout the test Mach number range. Addition of the
ventral fin to model 2 at M = 1,90 1s indlcated to increasse the dreg by
about one-half the incremental difference in drag between model 1 and
model 2 without the ventrel fin. The increased drag of model 1 above the
drag of model 2 with the ventral fin is probably due to changes in inter—
ference among the model components. Perhaps the closser proximity of the
boundary—layer wake of model 1 wing to the horizontal and vertical-tail
Juncture snd body and verticai-tall Juncture has contributed to the increase,

Schlleren Photographs

As a matter of general Interest, some schlieren photographs of the
flow sbout the models at M = 1,90 are presented in figure 26, All of
the photographs shown were tsken with the schlleren kmife-edge horizontal,
thus show only vertlical density gredilents. It should be recognized in
observing the photographs +that the disturbances shown are generally the

CQIEEDRNRYeT
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limits of only that portion of three—dlmensionsl wave patterns close to
a verticael plane through the axls of the models. It should also be
realized that the location and shape of waves enclosed unsymmetricslly
inside an outer conicel or three—~dimensional wave are dlstorted somewhat
by the optical system. The disturbances shown in figure 26(a), for
instance, progressing from the nose aft are the conical head wave (dis—
torted. by the wave from the cenopy~fuselage Juncture), waves from the
wing leading-edge—fuselage Jjuncture, waves from the wing trailing-edge—
fuselage Juncture, and waves from the tall surfaces, The horizontal—
tail boundary-layer weke can be seen in figures 26(a) and (c¢) and the
wing boundsry-layer wake can be seen for model 2 in figure 26(c). The
wing boundery-layer wake in figure 26(a) is located in the sting silhou—
ette and cannot be seen. Apparent separation of the boundery layer from
the body aft the wing is seen in figures 26(b), (c), and (d). This
indicetes that the adverse pressure gradients around the body presented
by the shock waves at the wing leading— and tralling-edge Junctures at
the fuselage may be asn importent factor In consideratlons of the flow
over the aft portion of bodles with wings.

Langley Memorisl Aeronsutical ILaboratory
National Advisory Committee for Aeronautics

Lengley Field, Ve.
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TABLE I, PERTINENT MODEL AREAS

NACA RM No., L7J15

[All areas given to model center line, All data
coefficlents based on wing area = 0,0337.
Moment reference chord = 0,095 ft:|

Model 1 _| Model 2
Measured wing area, £t° 0.0337 0.0333
Mesasured horizontal teil area, ft2 . 0051k .0057
Totel of measured wing esnd hori—
zontal tail areas, £t2 .0301 .0390
Measured vertical tail area, ft2 .0058 .0087
Measured ventral fin ares, ft2 .0027 .0026
Totel measured vertical fin area,
£t2 .0085 .0113

NATIONAL ADVISCRY

COMMITTEE FOR AERONAUTICS
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Model 2

Model 1

Figure 4.~ Photographs of models 1 and 2.
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(a) Side view, model 1.

Figure 26.- Schlieren photograph with horizontal knife edges;

M = 1.90.

43






NACA RM No. L7J15

(b) Plan view, model 1.

Figure 26.- Confinued.
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(c) Side view, model 2.

Figure 26.- Continued
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(d) Plan view, model 2.

Figure 26.- Concluded.
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